By taking the particle triaxial-rotor model with variable moment of inertia, we investigate the energy spectra, the deformations and the single particle configura- − configuration coupled to a core with triaxial oblate deformation, and the positive parity band on the 13 2 + isomeric state in 187 Tl is generated by a proton with configuration [606] 13 2 + coupled to a triaxial oblate core.
Introduction
It has been known that nuclei in the Z = 82 region are rich in shape coexistence. In particular, the important deformation driving orbitals has been assigned as the h 9/2 and i 13/2 proton shells [1, 2] . In odd-mass Tl isotopes (with Z = 81), one-particle-two-hole (1p-2h) intruder states and shape coexistence have been discovered through the observation of low-lying 9/2 − isomeric states [3] . The structure of these isomeric states was confirmed to be decided by the odd proton occupying the h 9/2 intruder orbital [4, 5] . Later, the rotational bands associated with both oblate (πh 9/2 , πi 13/2 ) and prolate (πh 9/2 , πi 13/2 , πf 7/2 ) structures have been observed in lighter isotopes 185,187 Tl [6] . The band-head of the 1p-2h oblate πh 9/2 intruder band has been observed to lie lowest in energy near N=108.
In contrast, the band-head of the prolate intruder band based on the i 13/2 structure has been predicted to decrease continuously in excitation energy as the neutron number decreases beyond the neutron mid-shell. This prolate structure is presumably formed by coupling the odd i 13/2 proton to the prolate Hg core with 4p-6h structure [6] . Recently, a rotational-like yrast cascade was established in 183 Tl and assigned to associate with the prolate i 13/2 structure [7] . Furthermore the band-head energy of its yrast band was later determined [8] .
Besides the coexistence of prolate and oblate shapes mentioned above, the signature splitting observed in the [505]9/2 − band in 187 Tl which is significantly larger than that observed in its heavier odd-mass isotopes with A ≥ 191 suggests that there may exist triaxial deformation [1, 6] and the discrepancy between the calculated equilibrium energy and the experimental data of the band-head energy of the [606] has not yet been determined definitely [6] .
On the theoretical side, it has been well established that the total energy surface calculation is quite successful in studying the equilibrium shape of a nucleus and shape coexistence (see for example Refs. [9, 10, 11] ). In addition, the projected shell model [12] and particle triaxial-rotor model [13, 14, 15] are also suitable to study triaxial deformation and configuration mixing [16, 17] . However, the triaxial deformation in the light odd-A Tl-isotopes has not yet been studied. Because of its simplicity, we take the particle triaxial-rotor model with variable moment of inertia of the core to analyze the structure and deformation of the energy bands in 183,185,187 Tl systemically and to identify their microscopic configuration.
The paper is organized as follows. After this introduction, we describe briefly the formalism of the particle triaxial-rotor model in Section II. In Section III, we describe our calculation and obtained results. In Section IV, we give a summary and brief remark.
Particle Triaxial-Rotor Model
In the particle rotor model, the Hamiltonian of an odd-A nucleus is usually written as
In the case of triaxial deformation, the Hamiltonian of the even-even core is given aŝ
where R, I and j are the angular momentum of the core, the nucleus and the single particle, respectively. The three rotational moments of inertia are assumed to be connected by a relation of hydrodynamical type
with
being the variable moment of inertia [18] of the core to replace the original constant ℑ 0 to improve the calculation. In present calculation, we take b = 0.013 as the same as that in Refs. [19, 20, 21] .
H s.p. describes the Hamiltonian of the unpaired single particle. In the triaxial deformed field of the even-even core ,Ĥ s.p. is given bŷ
where κ and µ are Nilsson parameters, Y 2q is the rank-2 spherical harmonic function.
Ĥ pair is the Hamiltonian to represent the pairing correlation which can be treated in the Bardeen-Cooper-Schrieffer (BCS) formalism.
The single-particle wavefunction can be expressed as
where ν is the sequence number of the single-particle orbitals, |NljΩ represents the
N ljΩ is the coefficient to identify the configuration mixing. Diagonalizing the single-particle Hamiltonian in the basis |NljΩ , we can obtain the C (ν) N ljΩ and the single-particle eigenvalue ε ν . The corresponding quasi-particle energy can then be determined by E ν = (ε ν − λ) 2 + ∆ 2 , with λ and ∆ being the Fermi energy and the energy gap, respectively.
The total Hamiltonian in Eq.(1) can be diagonalized in the symmetrically strong coupling basis
where α 
Calculation and Results
In the present calculation to investigate the property of 183,185,187 Tl, we take the κ and µ in standard values [22] , i.e., 0.054, 0.690, respectively, and the pairing gap parameter as ∆ = 12/ √ A. To improve the agreement between calculated results and experimental data, we introduce a Coriolis attenuation factor ξ and take value as that giving the best agreement between the calculated and experimental energy spectra. We found that, when ξ = 0.95, the calculated results agree best with the experimental data of 183,185,187 Tl. In general principle, in order to describe the nuclear property more accurately and to make better agreement between calculated and experimental data, it is necessary to involve sufficient single-particle orbitals near the Fermi surface in the calculation. Then we take 13 orbitals near the Fermi surface to couple with the core for 183 Tl, 185 Tl, 187 Tl, respectively.
Practical calculation shows that the Fermi levels of the bands 6 (we denote the band labels here as the same as those for nucleus 187 Tl in Ref. [6] , so that the similar bands can be compared) of the nuclei lie between the 20th and the 21st single particle orbitals, and the others lie between the 19th and the 20th. For the deformation parameters β and γ of 185,187 Tl, we take those given in Ref. [6] as the trial initial values to fit. For the deformation parameters of 183 Tl, since there does not exist any report to discuss them, we take the values of its neighbor nucleus 185 Tl [6] as the trial initial ones. Then we accomplished a series diagonalization of the total Hamiltonian with various values of β and γ to make the calculation error
2 of the spectrum of a band (where N is the number of levels in the band) smaller (in such a process, the band-head energy is fixed artificially with the definite angular momentum assigned in experiment. The best fit is, in fact, focused on the energy separations). Meanwhile, it should be noted that the parameter sector we used in the present work is the same as that taken in the book by
Nilsson and Ragnarsson [23] , where the value of β can be positive or negative, the value of γ varies from 0 to 30 degrees. The best fitted values of the β and γ are listed in Table   1 Table 4 .
From Table 4 , we can recognize that the band 1 originates near purely from the 22nd single particle orbital coupling with the prolate even-even 186 Hg core. Seen from Table 4 with Table 3 , we can recognize that the band 5, 6 originates mainly from the 23rd, 21st single particle orbital, respectively, the 21st orbital contains 87.4% of |6i 13/2 1 2 Ref. [6] . And the configuration assignment of the bands 1 and 2 is a corroboration of that in Ref. [6] . Furthermore, the [530] with experimental data of the band in the lower panel of Fig. 2 . The upper panel of Fig. 2 shows that the variation of the axial deformation parameter β (except for that with angular deformation parameter γ in special region) does not affect the calculation error χ 2 so drastically as that of the γ does. Combining the upper panel and the lower panel of Fig. 2 , one can notice clearly that, for zero γ, the calculation error χ 2 is quite large (about 60) and the calculated level sequence is not consistent with experiments.
As the γ increases to 3-5 degrees, the calculated level sequence becomes consistent with the experimental one and the χ 2 decreases to about 10 • ), the calculated energy spectrum agrees best with experimental data.
It indicates that the band 3 of 187 Tl is in triaxial oblate deformation. In addition, from Table 4 , we notice that the band 3 in 187 Tl originates mainly form the 20th single particle orbital. As can be seen from inspecting Table 3 , the 20th orbital contains 97.2% of |5h 9/2 9 2
configuration. Therefore, the band 3 can be identified as the one arising from the proton configuration [505]
− (π h 9/2 ) coupled to a triaxial oblate deformed core. It provides then − (π h 9/2 ) may be in triaxial oblate deformation [6] . Besides, From the calculations one may recognize that the deformation parameter γ influences the results more drastically than the axial deformation parameter β. Analyzing the obtained single particle configuration we know that the states in the bands [505] + involve much more complicated single particle Nilsson configurations than the other bands. Such a result is consistent with that once given for nucleus 127 I in Ref. [20] .
We infer then that the reason for the γ-degree of freedom to play more important role than β may be that it induces more obvious mixing among the single particle Nilsson configurations.
Conclusion and Remarks
In summary, we have systemically calculated the energy spectra, the deformations and wavefunctions of the rotational bands in nuclei 183,185,187 Tl in the particle triaxial-rotor model with variable moment of inertia. The calculated energy spectra of the bands agree quite well with the experimental data. The configuration of the bands in 187 Tl is analyzed in detail as an example. Meanwhile we have also calculated the variation of the configuration of single-particle levels against the deformation parameters β and γ. 
